Interspecific recombinants have been produced between Streptococcus cremoris H-61 and S. lactis J-l by polyethylene glycol-induced protoplast fusion. All of the fusants obtained showed mixed physiological properties of the two parents, and possessed plasmids derived from both parents at random. Physiological properties of primary colonies were stably maintained amongthe progenies after the single-colony isolation procedure. Similarly, in most of the fusants the plasmid profiles of the primary colonies were stably maintained, but one lost 2 out of the 7 plasmid bands. However,there was no indication that plasmids from either one of the parents were preferentially lost. These results showedthat interspecific genetic transfer occurred on chromosomaland plasmid DNAon the protoplast fusion and that the fusants obtained were not heterokaryons, but true recombinants.
which include Streptococcus cremoris, S. lactis and S. lactis subsp. diacetylactis, is well recognized, and efforts to improve strains of this genus have been made by using random mutagenesis. With the progress of molecular genetics in lactic streptococci, useful genetic transfer systems, such as transformation,t ransduction2) and conjugation,3A) have been demonstrated. Whilst these developments are of potential value, a fourth method of a gene transfer system, protoplast fusion, appears to have broad utility for effective genetic recombination. The fusion process has been shown to generate large numbersof randomrecombinants. Furthermore, because the fusion is neither strain-nor species-specific, this method of gene transfer may be advantageous for strain improvement.
Techniques for the production and regeneration of protoplasts in lactic streptococci have been established,5) arid recently intraspecific genetic recombination by protoplast fusion was reported.6'7) In this communication, we report the formation of interspecific hybrids between S. cremoris and S. lactis by polyethylene glycol-induced fusion of their protoplasts.
MATERIALS AND METHODS
Bacterial strains. S. cremoris H-61 and S. lactis J were maintained in our stock culture collection. S. lactis J-l was a spontaneous Lac~mutant derived from S. lactis J and was resistant to 1 mg/mlstreptomycin. These strains were maintained by biweekly transfer in basal-glucose or basallactose broth. 8) Protoplastfusion. Protoplasts of the strains, S. cremoris H-61 and S. lactis J-l, were prepared by treatment with lysozyme and a-amylase, and treated with polyethylene glycol (PEG) 6000 as described previously.7)
The PEGtreated were diluted by adding four ml of Tris-HClmagnesium-sucrose buffer,7) and then 0. 1 ml aliquots were plated on regeneration medium.7) After 5 days' incubation at 30°C, the plates were replicated with sterile velvets onto selective medium7) containing 500 Stability offusants. To examinethe stability of some phenotypes in the fusants obtained, the organisms were streaked on BCP-lactose indicator medium.13) A typical Lac+ colony was transferred to a tube of basal-lactose broth and grown at a 30°C for 16hr. Then the culture was streaked over the surface of indicator medium for the isolation of Lac+ colonies. All plates were incubated at 30°C for 2 days. The procedure was repeated three times. 9 to 10 typical Lac+ colonies were isolated from each fusant, and then their properties were checked.
Physiological properties, 4%sodium chloride tolerance and ammoniafrom arginine, were examined. To examine the stability of lactose metabolism, a typical Lac+ clone was chosen from 9 or 10 isolates and grown under specified experimental conditions. The frequency of spontaneous Lac~reversion from Lac+ was determined under the cultural conditions of growth in lactic broth.14) The test organisms were grown in lactic broth at 30°C in the presence of lO^g/ml acridine orange or at elevated temperature (38°C). The cultures were diluted with saline and plated over the surface of indicator medium.After 48 hr incubation at 30°C, colonies were counted and the frequency of segregation from Lac+ to Lac~was determined.
Plasmid profiles of all the isolates were determined electrophoretically by the method described above, and their stability was checked. cremoris type in morphology (Table I) . From a taxonomical point of view, S. lactis produces ammonia from arginine and growsat 40°C or in broth containing 4% sodium chloride or with maltose as a sole cabon source, but S. cremoris gives negative reactions in these physiological tests. As shown in Table I , all of the fusants could not grow at 40°C or in broth containing maltose. Therefore, these properties were the same as those of S. cremoris. On the other hand, the property of ammoniaproduction from arginine was the same as that of S. lactis. A-l, A-3 and A-4 
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could grow in broth containing 4% sodium chloride, but A-2 and A-5 could not. These results showed that the properties of the five clones obtained were distinctly different from those of the parental strains and that they were interspecific recombinants between S. cremoris H-61 and S. lactis J-l.
GroupN streptococci possess a diversity of plasmid molecules, some of which encode in- 7.7Mdal, were present in varying permutations across the five strains. These results showed that the fusants possessed plasmids of the two parents at random, and the tendency that the profiles were inclined toward either one of the parents was not observed. In addition to the plasmids mentioned above, strain A-l possessed a 10.0Mdal plasmid. A band corresponding to a similar molecular size was also detected in S. cremoris H-61, but it was too faint to be identified as a distinct plasmid. At present, therefore, we are not certain whether the 10Mdal plasmid of A-l originates from H-61 or not.
Genetic stability offusants
To determine whether the interspacing hybrids were heterokaryons, single-colony isolation was performed for each of the hybrids three times, and then the physiological properties were checked. As shown in Table II , all of the isolates exhibited the same phenotypes as those of the primary colonies obtained after protoplast fusion.
Since manyindustrially important functions are encoded on plasmid DNAin lactic strep- The bright diffuse bands at the bottom of the gels represent residual RNA. Electrophoresis in experiment (B) was conducted at 100V for 4hr. shown in Table III .
DISCUSSION
Protoplast fusion should play an important role in strain improvement of industrially important organisms, for which the use of the general method of a genetic transfer system is limited. Intraspecific fusion of S. lactis has already been reported by several authors.6'7) This paper describes the formation of interspecific recombinants between S. cremoris and S. lactis by PEG-induced fusion of their protoplasts. S. cremoris and S. lactis could be physiologically differentiated from a taxonomical point of view, i.e. maltose fermentation, growth in the presence of4% sodium chloride and so on. It has been reported that S. lactis subsp. diacetylactis may exhibit variability with re-spect to arginine hydrolysis, and that this trait maybe an unstable property in some strains. 20) In S. lactis J-l , the arginine-hydrolyzing ability was not encoded on plasmid DNA,because a plasmid free derivative of S. lactis J-l produced ammonia from arginine (data not shown). So physiological traits used as genetic markers may be encoded on chromosomal DNA.Due to the lack of chromosomal maps in lactic streptococci, the numberof crossovers required for recombinants, which exhibit specified phenotypes, is not clear. However, as shown in Table I and S. lactis J-l harbor 5 and 2 distinct plasmid species, respectively (Fig. 1) . These results also supported the conclusion that the five clones obtained were interspecific fusants.
Lactic streptococci possess a diversity of plasmid molecules and the functions of most of these plasmids are still unknown. However, some genetic evidence has been obtained for specified plasmid linkage to important meta- Larsen and McKay23)reported that lactose metabolism of S. cremoris was generally a stable property, and in S, cremoris AM2few Lac" variants could be found even whenthe cells were treated in a variety of ways knownto cause a high frequency of Lac" variants in S.
lactis. Similar results were obtained in this study. S. cremoris H-61 was treated by using commoncuring conditions but no Lac" mutants were obtained. On the contrary, the proportion of Lac" mutants in S. lactis J was extremely increased by the curing treatment (Table III) . From the results of overall physiological characteritics, fusants could be classified into two parental types, that is, A-2 and A-5 were the S. cremoris type, and A-l, A-3 and A-4 the S. lactis type (Table I) . In agreement with these results, the lactose-fermenting ability of strains A-l and A-4 was as unstable as that of S. lactis J-l, especially Lac~mutants increased in the population on treatment with acridine orange (Table III) 
